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Discovery of bioactive microbial metabolites via synthetic biology approaches
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Introduction
Natural products and their synthetic derivatives have contributed the majority of drugs in clinical use1. However, the discovery process of natural products has conceptually and technically not changed over the past three decades but is only able to find a small fraction (1 to 5%) encoded by natural product operons available in microbial genomes
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. My research group aims to develop new and innovative synthetic biology approaches that allow the thorough exploitation of microbial genomes for the discovery and development of natural products and analogs. As a proof-of-concept study, my research group has focused on the overproduction of thaxtomin and its analogs over the past several months. Thaxtomin A is a key phytotoxin produced by several plant pathogenic Streptomyces strains4 and several major agro-chemical companies5 are developing this bioactive microbial metabolite as a bioherbicide to control weed growth. 
Experimental 
We refactored thaxtomin gene clusters. The resultant cluster was transformed into S. albus and the production of thaxtomin A and other analogs were evaluated with different culture conditions. The titer of thaxtomin A was determined by HPLC method. Feeding unnatural building block into the culture medium led to the production of 5-F-thaxtomin A, whose structure was completely elucidated by 1D and 2D NMR analysis using the AMRIS facility. In addition, we successfully prepared five recombinant biosynthetic enzymes of thaxtomin (TxtA, B, H, E, and C)4, and created >200 thaxtomin analogs using these enzymes, which were detected in LC-MS analysis. 
Results and Discussion
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We have achieved the high-yield production of thaxtomins in S. albus. The thaxtomin gene cluster from S. scabiei 87.22 was cloned and expressed in S. albus J1074 after chromosomal integration. The production of thaxtomins and nitro-tryptophan analogs were observed using LC-MS analysis. When culturing the engineered S. albus J1074 in the minimal medium TMDc, the yield of the most abundant and herbicidal analog, thaxtomin A, was 10 times higher than S. scabiei 87.22 (Fig. 1A), and optimization of the medium resulted in the highest yield of about 170 mg/L. Further engineering of the thaxtomin cluster led to the production of biosynthetic intermediates thaxtomin D and nitrotryptophan analogs, important to the chemical synthesis of new analogs. Additionally, we used the engineered S. albus J1074 to produce one unnatural fluorinated analog 5-F-thaxtomin A (Fig. 1B), whose structure was elucidated by a combination of MS and 1D and 2D NMR analyses. Natural and unnatural thaxtomins demonstrated potent herbicidal activity in radish seedling assays. Some of these results were included in a manuscript recently submitted to ACS Synthetic Biology6. Furthermore, we prepared key biosynthetic enzymes of thaxtomins in E. coli and supplied tens of tryptophan and phenylalanine analogs as unnatural substrates of TxtB and TxtA. Both enzymes demonstrated impressive promiscuity, resulting in the production of hundreds of thaxtomin analogs. Based on structural novelty, we will select and produce tens of analogs in large scale reactions and then isolate them for structural determination and bioactivity testing.   

Conclusions

In the proof-of-concept study, we demonstrated that both cell-based and –free synthetic biology strategies can be promising to discover and develop natural products and analogs from microbial genomes. Specifically, we improved the titer of thaxtomin by over 10 folds and synthesized hundreds of new analogs.   
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Fig. 1A. HPLC analysis of thaxtomin A production by S. scabiei, S. albus, and transformed S. albus carrying the thaxtomin cluster. 1B: Selected key COSY (bold bonds, black), HMBC (→, blue) and NOESY (↔, red) correlations of isolated compound, leading to the elucidation of its structure as 5-F-thaxtomin A.








